Received February 18, 1957
The effects of temperature on mutation rate are a very significant problem for studying the mechanism of mutation, because it is considered that mutation is a variation comparable with a chemical reaction. Plough (1941) studied this problem in Drosophila and found that the frequency of mutants followed a typical Van't Hoff's curve with a temperature coefficient of 5.
In microorganisms, temperature coefficients have been reported to be from 0 to 5, e. g. 2.5 and 5.0 in Phytomonas stewartii (Lincoln 1947) , about 2 in Bacterium prodigiosum (Kaplan 1947) and 1.8 in Escherichia col i (Novick and Szilard 1950) . The mutations studied in these microbes were of a morphological nature or to phage resistance. In this paper, the effects of temperature on the reversion rate of four different strains of Ustilago maydis all of which required homocysteine have been analysed thermodynamically. Based on the results obtained, the energy states of the genes in question have been investigated.
Materials and Methods
The four homocysteineless mutants used in the present experiments were strains 5403, 4-24, T4004 and T4005; the first two strains were kindly supplied by Dr. D.
D. Perkins and the latter two were isolated from an unstable strain T4001 (Ishikawa unpublished). These strains require either L-homocysteine or L-methionine, but fail to grow in minimal medium supplemented with other substances related to methionine synthesis.
The culture media and basic techniques were described already by Perkins(1949), and Ishikawa and Tanaka (1956) . To determine the mutability at various different temperatures, these strains were cultured at 0, 7, or 5 and 10, 15 20, 25, 30 and 35°C. 
Results
It has been reported that three groups of homocysteineless mutants of Ustilago maydis differed significantly in their spontaneous reversion rates (Ishikawa and Tanaka 1957). The 1st group (H-1) was most stable and the spontaneous reversion rate was 9 x 108 8 per sporidium per hour at 30°C; the 2nd group (H-2) was somewhat more unstable, reverting in a rate of 2 x 10-6, and 3rd group (H-3), the most unstable, reverted in a rate of 2 x 10-5. Among the H-2, strain 4-24 was characterized by yielding partial reversion types (Ishikawa and Tanaka 1956) . In the present experiment, strain T4004 (H-1), strain T4005 and 4-24 (H-2), and strain 5-103 (H-3) have been used to study the effect of temperature on reversion rate.
The results obtained are summarized in Table 1 . It is to be noticed that when reversion rate is computed per sporidium per generation as shown in 6th column of Ryan (1955) that an other mutation can occur in nondiving cells, mutation rate per sporidium per hour is the most adequate unit for expressing the effects of temperature on mutation.
It will be seen in Table 1 that in three strains of T4004. T4005 and 5-103 an almost proportional correlation seems to exist between reversion rate and temperature. In strain 4-24, however, no such clear relationship has been found, one maximum existing at 20°C.
The temperature coefficients (Q10) calculated from these measurements are 3.9, 2.2 and 1.8 in strains T4004, T4005 and 5-103 respectively.
If we assume that mutation occurs as a monomolecular reaction, the reaction velocity should correspond to mutation rate and we could apply following equation 
where nC is a constant value and considered to be a frequency factor, W is activation energy of the gene in question, R, the constant, 0.86 x 10-4 ev, and T, the absolute temperature.
The logarithm of equation (1) 2) we can see almost linear correlation between log a and 1/T in Fig. 1 , and can take the tangent of the line which represents the value W/1.98 x 10. Therefore, the activation energy, W and the frequency factor, nC can be obtained in the relationship in Fig. 1 Of course, this temperature seems unusual for Drosophila, but it has been assumed that the present conversion could be materialized.
The mutation rates were plotted against W-values in Fig. 2 . Since mutation can occur independently of cell division (Novick and Szilard 1950 , Ryan 1955 andd increase of mutation was shown in aged seeds (cf. Gunthardt et al. 1953) , it is reasonably presumed thatt the probability to mutate becomes larger as generation time is prolonged. The results obtained coin- 
